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(57) Claim 

1. A cell that is not prokaryotic or a yeast cell, transformed with a yeast 
artificial chromosome (YAC) vector comprising a foreign gene or gene locus of at 
least 100 kb and at least two copies of a marker gene, separate from the foreign 
gene or gene locus, which allows selection by one or more properties in this or 
another such cell, and which is essentially free of yeast DNA. 

2. A cell according to claim 1, wherein the marker gene is in addition to an 
amp.cillin-resistance or other prokaryotic selective marker gene and/or uracil- 
resistance or other yeast-selective marker gene. 

3. A cell according to claim 1 or claim 2, wherein the marker is for resistance 
to neomycin, hygromycin or HPRT. 



CONVENTION 

AUSTRALIA 
Patents Aw 1990 
NOTICE OF ENTITLEMENT 




Kingdc 

I. We are the nominated person. 
* # 2. The nominated person is the assignee of the actual inventor. 

* 3. The nominated person is the applicant of the hasic application listed in ihe 

declaration under Article 8 of the ITT. 



• * 



• « 



The basic application is the application first made in a Convention country in respect 
of the inventior. 



Dated: 28 February 1994 



By PHILLIPS ORMONDE & FIT7.PATRICK 

Patent Attorneys for the Applicant 
By: 



To: The Commissioner of Patents 



PHILLIPS ORMONDE & FIT/PATRICK 
367 Collins Street 
Melbourne. Australia. 3000 



OurRcf: 359177 
1925x 



I 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PAT I NT l OOPLKATION ITU Alt 1 11 1 » 



(51) Isteraatkmal Patent Clauifkatlra 5 * 

CI2N I5/S7, 15/00, AOIK 67/027 
CI 2N 5/10 



Af 



(U)lof»ruUowl Pliblicattoa Number: 
(43) laierutioaal PttbtkaUmi Da*: 



WO 9.V05I65 

I* March 1993 I IK 03 93) 



(21) tote national Application Number: PCT C B9? (M 65 1 

(22) iBlcmitftoMl RUojt D»tr: 10 September 1992 1 10.09.92) 



(30) Priority itata: 

9119338.3 MScptcmhcr 1991 (10.09.91) CB 

(71) Agitoftl {fi*r all d™X™^ Swn excrpi US*. AOKK't'L - 



RE AND rOO I > RE S EARCH COUNCIL 



nrcTiTVTc or ani m al phvs i ologv and 

■ eCNETICfi nr.BCARCII ; Bahraham Hall. Camhridee 
CB2 4AT (GB). 

(72) Iterator; tad 

(75) ImrntorMMlktm (to* .5 mk> : BRl'GGEMANN. Mar . 
tonne |GB GB|: 2 Sutton Roud. Foxton. Cimhrutec 
CIC 6SA <GB> 



(74) Agent; GILL JfNNINCiS k I V t R>; 53 M Chaiwn ! 
Lane, London WC2A IIIN (CiBj 



(VDDrtlgoiicd Stales: AT. AU. BB. BG. BR, ("A. CM. i S. 
Df. DK, I X. I I. GB. Hl\ JP. Kl\ KR, LK. LI . MCi. 
MN. MW, NL. NO. PL RO. RC, SI). KL. t .V I ur.*- 
i*an patent (AT. »L. CIL DE, DK. LS. I R. Citt. (SR. ; 
If:. IT. LL\ MC . NL. SE>. OAPI paicnt (HI. Hi. ( F. 
CG. CI. CM, GA. ON. ML MR. SN, 1 1>. T< it i 



Published 




t * v . 



(54)Tiric: VI. AST ARTII ICIAI CHROMOSOMES AND 1 HI IK I SI IN 1111 ( ON I KOI ( )| (,| NJ IXPRISMON 
|5"» Abstract 

I mhr>oniv Mem «IK or other oriU tnot proUrvotiem >immi lh.U jrc is%*rm.tll\ I rev ol l>\ A .in- prcp-iuM liom *int 
•iW\ market! >c»ut artHui.il chromosome* and u%cd to transfer ON A M.-giuetUs of e»»n*u!et.iM.- m.v mi.* « rjMni*m* 



i 
i 



WO 93/05165 



PCT/CB92/0165J 



15 



YF ftTT ARTTFi r TAI. CHROMOSOMFS MP THEIF V?E *« THE 
rffllTRQT. OF qm, EXPRESSION 

F j f m of the TnventiQn 

This invention relates to yeast artificial chromosomes 
5 and their manipulation and transfer into cells and animals, 
to exploit the control of gene expression, and also to the 
resulting cells and animals. 

ftfii7Kir"»" d of invention 

The ability to transform suitable hosts with foreign 
10 DNA, and thus to express gene products not normally 
produced by the host, is an important goal of 
biotechnological research. Microorganisms can be used to 
produce desired proteins, while higher animals having 
desirable characteristics have also been produced. For 
example, EP-A-0264166, WO-A-8800239, WO-A-880164E . KO-A- 
9005188 and WO-A-921135B describe the use of lactating 
animals to express foreign proteins which are produced in 
the milk and can be isolated therefrom; this provides a 
very satisfactory, controlled source of pure protein. 

Techniques to transfer cloned DNA into mammalian cells 
and transgenic animals have greatly facilitated the study 
of gene regulation and expression. Gene transferor, 
experiments have also highlighted the fact that the lisited 
size of many cloned DNA molecules prevents the efiicien-. 
25 use of the numerous distant regulatory sequences believed 
to control expression. 

More particularly, in order to investigate regulation 
of complex loci and chromosomal domains harbouring clusters 
of genes, it is essential to introduce very large pieces of 
30 DNA into cells and animals. The conventional approaches 
used in transgenic animal technology have limitations, 
making it difficult to introduce DNA fragments which are 
greater than 100 kb; see Bruggemann fi£ ftl. Eur. J. Immune!. 
• 21:1323-1326 (1991). For example, while germ line- 
35 dependent genomic imprinting may affect large areas in 
which a number of genes may be similarly regulated, there 
is no efficient method to study such ••imprinted" donains. 
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A satisfactory technique for introducing large DNA 
fragments would allow progress, and also facilitate the 
analysis of other complex loci such as the T-coaplex 
(harbouring specific deletions) for which a number of genes 
5 have been mapped which are crucial for mammalian 
development. In order to obtain a better understanding of 
the regulation of eukaryotic genes, it would be desirable 
to express these genes in their authentic genomic context 
after cloning and re-introduction into cells* 

10 The expression of mammalian genes is controlled at 

various levels: the genomic context (influence of 
neighbouring genes) , regulatory elements proximal to the 
exons (e.g. promoters), regulatory sequences downstream of 
the termination codon (polyadenylation site) and regulatory 

15 motifs further away from coding sequences (e.g. enhancers). 
For immunoglobulin genes, it has been shown that expression 
of transgenes is poor when enhancer motifs are missing, and 
that these can be several thousand base-pairs away (25 kb 
for the heavy chain 3 '-enhancer) from the nearest exon. 

20 Mouse models have been established to address the 
question of the imnunogenicity of chiraaeric. foreign and 
authentic antibodies used for therapeutic purposes; sec 
Bruggemann £t £l, J. Exp. Med. 17Q:2153 (1989). It became 
clear that only authentic proteins escape the surveillance 

21 of the immune system. 

The techniques currently used for makin? human 
antibodies involve either in vitro immunisation and 
immortalisation of human lymphocytes or genetic 
engineering. The selection of rare specific antibody- 

30 producing human lymphocytes outside the body is difficult 
and, once the lines are obtained, their yield and stability 
are poor; see Borrebaeck, Immunol, Today 9:355 (1988). 
Genetic engineering (also termed "humanisation" of rodent 
antibodies) firstly has to be done for each individual 

3 5 mouse or rat antibody of therapeutic use and secondly does 
not yield completely human antibodies; see Riechmann et &1, 
Nature 23JJ:323 (1988). "Humanising" existing rodent 
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..Kibod.es already .PProvcd tor therapy - 

successful way to obtain less immunogenic eagent^ 
~ ver . it would b= » considerable improvement to have a 
"strain available which maXes authentic hu„. r . 
, tter immunisation with human materials. 
5 ^TZrtoir. o £ immunoglobulins has been obtained fro. 

„i« carrying inserteo human antibody gene 
"ST^ ^configuration, see wo-*-,00.0» an, 

HC-ann *I ftftt*709 »..,>• * 

„ „., been constructed with variable region cones . 

a r.rsity segments (D s, . Joining segments («, and the 
diversity » _ segments 

constant region gene <c«) . in _ c . , .-• ■ 

r earranoe in the lymphoid tissue .f these «~'^.^ 
,,-ibodies with human « heavy chain* can bo oKa.nw a.tc. 

!' However, the level c! human IgK as oppose; 

15 Trout JST- specific hybridomas with human . 

I o rare after immunisation A lurther corplicatior. 

Z those ceils that produce human heavy chair 
lttB EeOT t : endogenous mousey - 
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ether vcrcr.. allelic excluder 

i-Hr- actu-' 1 rcocrtoirc size c* tn'- 
achieved. furthermore, th. actu 

oroduced nuitan antibodies a, unknown feu. -la.- - 
the IgH construr: contains or.- ; 

! ' "trivlstava « fc. =en, ^l*^ '<»«.• °™ 
piasmids which permit the insertion of ncomycin-rer.™ 
Lc into the human OKA insert or the vector arm o . - ^ • 
'„ the latter case, the pl.smid alio contains a I..S, gen-. 

^selection in a yeast host. The «»> » «~ 

replaced by a new insert, thur ^ 

Bothstein si 41. Scienc- 24S:»»-'-- <""■; 

describe the practical advantages .5 the yeast organ. _ c. 

zoning and manipuiatin, iargo mo.ee ules 0 . 

science m ™-» <>»•>• " port tnc c,=n 7 -;. 

un to one xillion base-pair, in year.-. coHr 

-'-.romosomer (YACs; . allowing tnc iom-rano. :.. «• 
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analysis of complex genomes. Veast vectors for cloning of 
large DNA molecules combine two features; plasmid sequences 
for their propagation in £♦ fittli and yeast specific 
sequences to ensure the replication and maintenance of a 
5 linear molecule when grown in yeast. 

Nevertheless, the problem of producing large molecules 
(of which specific examples are immunoglobulins. Factor 
VIII and Factor IX) on a commercial scale, remains. At the 
molecular level, it would be desirable to introduce large 

10 DNA molecules containing single genes of considerable size, 
in order to facilitate correct expression. For example, 
the human Ig heavy chain locus accommodating all Vs, Ds, Js 
and c regions is estimated to spread over 3000 kb of DMA; 
the Factor VIII gene is almost 200 kb in size with 2i 

15 exons. At present, high level of expression is rarely 
achieved by the introduction of cDNAs and engineers genomic 
"minigenes" into transgenic animals. 
summary of th e Invention 

Surprisingly, it has now been found that specific DNA 

20 of considerable length can be introduced into ES cells via 
a YAC , without introducing DNA from the yeast. The need tc 
purify the YAC out of yeast is thus avoided, and 
transformation is essentially foolproof. This discovery is 
applicable to the introduction of such DNA into ether cellr 

25 alsc. 

The appropriate YAC, for use in the present invention, 
includes a foreign gene or gene locus (i.e. including one 
or more genes or gene segments) of at least 100 kb and alsc 
a marker gene which allows selection in cells that are not 

30 prokaryotic or yeast cells. This construct can be obtained 
by integration of the marker gene, e.g. Neo , into a YAC 
including the foreign gene. 

In a further aspect of the invention, Eli cells or 
other cells are transformed by the marked YAC, and thus car. 

3f. be selected and inserted into, say, animals which 
consequently express human immunoglobulin or other genes. 
In particular, a transgenic lactatinc, ovine or bovine 
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animal, mouse or other rodent, or any non-huiaan animal, may 
contain a foreign gene or gene locus of considerable 
length, e.g. at least 100 Kb. often at least 300 kb, but 
also 1 Mb or more, if required. The animal may express the 
5 product of another animal, e.g. a human product, but not 
its own corresponding product, 
^^i-iption, 7f * h » invention 

The available YACs contain a marker gene that allows 
for selection in prokaryotic cells, e.g. for ampicillin- 
10 resistance, but do not contain a marker gene that would 
allow for selection for integration in eukaryotic, EE. 
somatic or mammalian cells. This invention utilises the 
recombination proficiency of yeast tc introduce ar. 
antibiotic resistance into the YAC by recombination, lev 
1? example, neonycin-resistancc gene controlled by tr.< 
thymidine kinase promoter < v, neo) will allow selcctior. ir. 
mammalian cells. Other suitable markers are hygromycin and 
HPRT-resi stance. Depending on the circumstances, it ray be 
desirable tc prepare YACs with different markers, fcr 

2C integration. 

The present, invention ir. based ir. par*, cr. th< 
realisation that yeast vectcrr. with dominant selectable 
marker genes allow targeted integratior. mtr le:: 
.cer.troneric, an:: riant ( nor.-ccntroncnc; Y,V arrr. ar. wt". 
2= ar alteration- t: human-dcrive- insert UN/.. -: 
transformation experiments, integration proceed 
exclusively by homologous recombination, although year*, 
prefers linear ends of homology for predefined insertions 
Targeted regions can be rescued which expedite the clonm? 
of internal human sequences and the identification oi f 
and 3' YAC/insert borders. Integration of, say, tn-- 
neomycin-resistanc, gene into various parts of the Y,\: 
allows the transfer and stable inteuraticr., ani air 
rescue, cf large DNA molecules into a variety c: mammal iar 
cells including embryonic stcr. cells. 

^The present invention utilises YACr a:: cicnin: 
vehicles fcr the corpletr intearaticn cf Dt!A cl a iensr: 
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that has previous! v beer, difUcu:: t = trance- 
invention also allows specific .edification c< tno ok ' 

It Hy be necessary to enlarge- an oxjstm. IA 
containing heavy and light chain genes, a variety c < hura^ 
* Heavy and light chain-containing cosnids is availahU- tie 
~y be added on to the VAC by homologous, site-spocif : • «' 
other integration. Further, YACs containing dif fere- 
overlapping parts of defined loci nay be crossed, in orde^ 
to obtain a contiguous dka nolecule in one yac. ^ 
a lows a largc part of tne nunan heavy ^ • j 

clusters to be reconstituted, and tr obtai,. trans,,-.- 
aiuaals which r,ak* authentic human antibodies. 

Similarly. .1 Factor IX-containins YAC nav t- - f ■ 

in order to dir-=t expressior.. fcr exar.pi.. . :n r - 
may involve- exchanging tne Facte- IX P ~c-~to- t~ - 
gene propter. • 5 . t ,., nurine whey a - idi .. ^Z - n»~. 
prosotcr. by hoscl occur, rewabinatxer. »r. veast . 

VIII in another product that car. prcaj"* 

way. ' : lr " 

It 1 = ar. iaportar.t feature C. tr.- , 

Barker «cr,: ^ :n=crpsratej :r.t- VAt: :r. 

"^tic-- ♦ - • . . . - . . . * • 
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vitnout that sarkcr i". sheeted 

plas-id L-or.ta:r;ir.7 tne rarwr acn-.- «,-.: 

tn- :orcic:. gene. o.c. tr., arp:c;:7 

This nay iea d to a YAC ecr.tair.ir.s r--:t :t . 

r.arkers. and duplicator, at xeas: ir ro: Jrrc = 

important point is that. say. nesr.yr: :: -r. ; ..-.:Vtan-. 
observed . 

The starting nateriaxs ar.d tcchniaucr j~ u . . 
invention are generally known. C r thJ r;,to^«-'.-' , 
prepared by known teenmques. lz: cxarpir " 
separately-derived ecbrycr.i r ster 

available: set- Kansour c.t ^, :: arur , •. ,V 3 . * " '. 
Schwartzberg science 2^: VE-.- : ; .:- «<-- • 

Science 2ii:1234 (1965; ; and Ziilstra c- ; ; ; . 
•'198&i. Iransformatic.-. an-, seiectic:. prcceaurc"' 
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already been established. Immunoglobulin genes on YACs are 
available, as is a YAC containing the Factor IX gene; these 
clones have been obtained independently by screening 
various YAC libraries; see Little fii ai, PNAS USA fi*:l598 
5 <1989) . The sizes for the YACs vary and are between 200 
and 600 kb. Cosmids nay increase size to, say, 1.8 Mb. 

The methods concerned with the introduction of large 
OKA molecules into cells are microinjection and co- 
precipitation with calcium phosphate (using any naked DHA 
10 such as YACs. genomic DMA or dissected chromosomes) or 
protoplast fusion, using yeast protoplasts: see Oi ££ &1. 
PNAS USA £2:825-829 (1983); Grahar. and van dcr Zt, Virol. 
5a:«56-65F (1973); and Rich* and Lc. Science 245:175-177 
(1989). The approach of directly in D cctin= large DWA 
1- B olecules into fertilised eggs or ES cells var, difficult 
because of the nature of DKA (large molecules are sticky, . 
It is preferred to introduce the various YACs by protoplast 
fusion; this, however, need:: the ■introduction of a 
selective marker gene into the YAC rsee below,. Another 
20 approach -is the transaction cf high molecular weight DNA 
cr chromosomal DKA, mixed wit:: selective nance- ON A , :ntr. 
EE ceilr by calciur phosphate- co-pre = :?:taticr.. 
Identification of integrated gene:; cf interer. could tnc: 
bo done- hy probir.? witi. hum;::. Alu rope?.', r-oqucr.-.-.-: 
2- confirming integration ar.d size ar: well or wit:, r.pe=:::/ 
probes. This randor. approac:. is similar to a library 
greening and depends or. tn* transaction trequencier.. 
Multiple copies of selective- marker gener. nay thus be- 
produced . 

3C lt is a primary object of the invention to introouo 

large DKA molecules into the germ line of mice cr other 
non-human animals, e.g. via ES cell,. For the purposes o: 
this invention, such largo molecules should bo introouccu 
•n germ line configuration. Hy introducing tner into E: 
cells, the oerr line lecur. e.g. tor ar.tifcodiar e: 
iBounoalofculxns. rearrange, :r. tnc- lymphoid tissue cf the 
animal, ar.d thus antibody production takes place. 
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V. (V«variable) gene segments rearranges with one of the 
five J. (J-joining, segments, and a c. (C=constant region) 
polypeptide is transcribed. In order to investigate the 
expression of such complex loci, it is essential to 
5 introduce very large fragments, containing many gene 
segments as well as necessary regulatory sequences, into 
cells and animals. 

ES cells are suitable for gene manipulation 
experiments such as the introduction of large DMA molecules 
10 on YACs. Furthermore, ES cells can be reintroduced into 
blastocysts, and chimaeric and gerialine mice which carry 
the introduced loci can be derived from then. 

The invention is further illustrated by the specific 
description that follows, and also by the Materials and 
15 Methods section of Davies et aj. Nucleic Acids Research 
20(11) :2693-2698 (1992). The contents of that article are 
incorporated herein by reference. 

The YAC containing the human k locus does not contain 
a marker gene which allows selection in ES cells. 

20 Therefore, in accordance with one embodiment cf the 
invention, the neomycin resistance- ger.o (noz, war. 
integrated into the YAC. The neo gene pernits selection te- 
stable clones when transferred into r.ar.r.al lan coli::. /, r . 
exarple of the yeast-selectable Parker gene that is alec 

21 usually used is LYS2 which allows growth ir. lyr.i no- 
deficient yeast nedia. Integration of exogenous DNA in 
yeast proceeds in an homologous fashion, and introducing 
new sequences into YACs, termed "retrofitting" by Eliceiri 
Si al, PNAS USA 28:2179-2183 (1991) is facilitated because 
of the plasmid homology region of the YAC arms. 

Targeted integration in yeast is either performed 
using replacement constructs or integration vectors; see 
Scherer et &1, PNAS USA 76.-49D1-4955 (1979); Pavan e£ al, 
Mol. Cell. Biol. 10:4163-4169 (1990), and PNAS USA £&:7788- 
35 7791 (1991); and Srivastava si al, supra. Replacement 
vectors are designed to disrupt a region of homology by the 
insertion of exogenous DNA. In the particular example, 
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homologous integration into YACs was studied using 
integration vectors which recosbine as a whole and 
duplicate a given target sequence without impairing its 
function, integration vectors can be rescued fror. YACs and 
5 also from transfected cells, as the bacterial sequences 
allow subcloning in bacteria, for example, and this pernits 
the isolation of flanking insert DNA. The universal 
principle of integration using a set of vectors, several 
targeting sites and different YACs is shown. The modified 
10 YACs have been stably introduced into embryonic sees ceils: 
thus, the experiments show the feasibility of transferring 
complex gene loci from one species to another. 

An important aspect of the evidence is that YACs car. 
be used to transfer such loci into other cells, without 
15 transferring potential ly-undes'rable .yeast DNA. while 
staining the locus in its essentia 1 configuration ana 
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The- claims defining the invention are as follows 

1 A cell that is not prokaryotic or a yeast cell, transformed with a yenst 
artificial chromosome (YAC) vector comprising a foreign gene or gene locus of at 
least 100 kb an.i at least two copies of a marker gene separate from the foreign 
gene or gene locus, which allows selection by one or more propert.es in this or 
another such cell, and which is essentially free of yeast DNA 

2 A cell according to claim 1 wherein the marker gene is in addition to an 
amp.c.lhn-resist.-ince or other pnkaryotic selective marker gene and/or urac.!- 
resistance or other yeast-selective marker gene 

3 A cell according to claim 1 or claim 2 wherein the marker is for resistance 
to neomycin hygromycm or HPRT 

4 A cell according to any one of the preceding oi^ns vvn , cn IS an embryonic 
stom cell 

5 A cell according to any one of the preceding claims where.n the foreign 
gene or gene locus is in germ line configuration 

6 A cell accoidmg to any one of the preceding claims ■•vhfcrein the foreign 
gene or gene locus ;s of at leas! 1Mb 

7 A tiansg-n.'o non-human animal transformed -.v!h a is defined m 
;iny one of ciairn \ to 

'>: f-ans'.jenic non-humai annual according 7 capable of 

t;*press«ng a pr^rj^t ot another anim.ii 1^; vot its own ,:y.,--l >") product 
f > An animal according to cteim 8 .v'Vfroir. sa.d another a':\«ial is human 
! 0 An anim;i! vx.,rd<n'j to -my « k- ■■« .>,••■-. - \>, •. v »v ' - ;i .,k feting arnmi 
:ind the gene picnic! is isolatable from if, r-.,!» 
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